equations, energyequation,the turbulencekinetic energywith its rate of dissipationequations, masstransferandthe necessary constitutiveequations(ideal gaslaw, power law for gasthermal conductivityandviscosity,etc.). The general governingequationwas
and the mass conservation equation
where 0 can be velocity components (u, v, w) 
In addition, uniform chamber temperature, flow direction that was normal to the propellant surface, an assumed turbulence intensity, 9 (/), and hydraulic diameter (dh) were specified. The augmentation factor, ct, was used as 1 for the propellant except in the head end fin region, where it was increased to 4.528 to account for the three-dimensional fins modeled in two-dimensional axi-symmetric analysis.
(2LA, L.g,r_ A supersonic boundary condition was utilized where the quantities (P, T, u, v, _:, _) were calculated from cells upstream of the exit. The exit pressure, temperature, turbulence intensity, and exit hydraulic diameter were specified to start the calculation. The exit pressure and temperature were updated as the solution proceeded.
(3) At wall: Three wall boundary conditions are used and discussed as follows:
(a) Velocity wall boundary condition was assumed to be no slip condition.
(b) Thermalwall boundaryconditionswere assumed for the submergedandthe convergingdivergingpart of the nozzlewalls. The submerged wall wasassumed to be isothermalat 2938.5 K (5289.3 R). On the other hand, the nozzle wall was assumedto be non-isothermal. Figure  1 shows the geometry considered and the static pressure distribution in the whole motor at 1 s post ignition. Figure 2 shows the submerged cavity and its location at prior to ignition relative to the nozzle. Figure 3 shows the local axial static pressure along the centerline of the RSRM chamber. A-e (r-r)-
and shown in Fig. 4 .
-l-
To obtain y+ < 1 would require grid refinement in the radial direction. Velocity Law of the Wall: Figure 6 shows the present results at the nozzle exit in comparison with the famous incompressible turbulent velocity law of the wall for an external boundary layer,
i.e. the Spalding's profile: 2s
where _ and B were taken 2s as 0.4 and 5.5, respectively.
The main assumptions made in the above law were incompressible, negligible stream-wise advection, no axial pressure gradient, and no transpiration.
The first flow cell from the present study was located at y+ of 29. from Model 2b of Table 2 . The "COD" is the coefficient of determination of a correlation. The higher COD, the higher the quality of the correlation. These correlations apply to compressible turbulent flow.
Convective Heat Transfer:
The ratio of the convective heat transfer coefficient to the specific heat at constant pressure (h/Cp) was calculated by eight different methods.
The eight methods will be given, shown and finally discussed. The first two methods used finite volume CFD (Methods 1 and 2), followed by four approximate methods (Methods 3, 4, 5 and 6), followed by an integral method (Method 7) and then using backed-out data from measurements (Method 8).
In Method 1, it was calculated internally using the calculated heat flux based on the difference between the local normalized specified wall temperature given by Eq. (4) and shown in Fig. 8 and the chamber temperature used as a reference temperature, i.e., 
h3(x)=o'o296[Re(x)]°SPr(x)_/3I_(-_](--_p
ICp (10) and is not shown in Fig. 9 
and is not shown in Fig. 9 . Again, this method overestimates the heat transfer but has the correct profile.
In addition, Methods 3 and 4 are not shown to reduce clutter.
The fifth method used the Dittus-Boelter 17 correlation for fully-developed turbulent pipe flow
h'(x -ooe3tRe (x °"Pr(xrrk(x ]( IcÈ kd(x J (12)
The exponent n for Pr was taken as 0.3 for cooling (Tw < T=) and 0.4 for as 10 correlation and is shown in Fig. 9 . The sixth method used the Bartz
and shown in Fig. 9 The first term outside the bracket in Eq. (13a) is a function of nozzle local area (A(x) = (rd4)
d2(x)).
The second term outside the bracket, or(x), is a dimensionless factor accounting for variations of density and viscosity across the boundary layer. It is shown in Bartz 1o to be
where 03 is taken to be 0. decrease-increase-decrease. This sudden drop was attributed to the large drop in the specified surface temperature (Fig. 8) . In the vicinity of the throat, the surface temperature dropped by 590 K (1062 R) within 0. p. (x u (x) and is shown in Fig. 11 . The calculated values of KI were smaller than the transition value of 3x10 6. Therefore, re-laminarization of the turbulent boundary layer did not occur. The above acceleration parameter was translated by Coon and Perkins 3°into terms more pertinent to tube flow as
The maximum calculated values of K1 and 1(2 were smaller than the transition values given above as 3x 10 -6 and 1.5x 10 -6, respectively. Therefore, re-laminarization of the turbulent boundary layer did not occur.
Summary and Conclusions
The following summary and conclusions have been reached:
• Two turbulence models and two types of wall treatment were used in this study. • The interdependency of the convective heat transfer and wall y* has been shown.
Therefore, consistency between a grid and a turbulence model cannot be over-emphasized.
• The accuracy and the selection of the schemes and results are based on matching the RSRM ballistic predictions of mass flow rate, maximum head end pressure, and vacuum thrust and specific impulse and measured chamber pressure drop and was found to be good.
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